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R.C.  Dynes  and  S.A.  Cybart 

Abstract: 

We  have  fabricated  and  tested  large  scale  arrays  of  Josephson  junctions.  Some  devices  have  as 
many  as  150,000  junctions  in  a  single  device.  To  aid  in  device  design  we  have  also  developed  a 
numerical  simulation  program  in  Matlab  to  simulate  voltage  magnetic  field  characteristics  for 
these  arrays.  Our  numerical  simulation  code  supports  the  modeling  of  2  dimensional  array 
structures  and  takes  into  account  mutual  interactions  between  all  of  the  squids  in  the  array.  The 
results  are  in  excellent  agreement  with  our  experimental  measurements.  We  have  also  performed 
measurements  of  the  critical  current  noise  in  our  Josephson  junctions  and  have  been  testing 
arrays  in  flux  locked  loops. 

Narrative: 

Arrays  of  Josephson  junctions  or  SQUIDs  are  of  great  interest  for  communication  electronics 
because  sensors  built  from  them  can  have  high-linearity,  wide  bandwidth  and  a  large  dynamic 
range.  These  sensors  detect  the  magnetic  field  component  of  an  incoming  signal  opposed  to  the 
electric  field  component.  Quality  devices  have  been  demonstrated  in  low  temperature 
superconductors  but  the  cooling  requirements  to  achieve  4K,  exceed  the  size  weight  and  power 
for  most  practical  applications.  Therefore  our  group  has  been  investigating  arrays  fabricated 
from  YBCO  that  can  operate  at  77K. 

We  built  two  different  configurations  of  array  for  this  grant.  The  first  contained  a  series  array  of 
500  SQUIDs  embedded  into  a  coplanar  wave  guide,[l]  and  the  second  was  a  2D  array  with  tens 
of  thousands  of  junctions  built  into  a  superconducting  microstrip.  [2]  Measurements  of  these 
devices  revealed  that  when  the  SQUIDs  are  placed  in  close  proximity  with  one  another  mutual 
interactions  between  them  significantly  reduce  the  modulation  voltage  and  alter  linearity.  [3]  We 
were  able  to  confirm  this  by  developing  computer  simulation  software  that  solves  the  differential 
equations  for  all  of  the  junctions  in  the  array  simultaneously  to  generate  voltage-  magnetic  field 
characteristics. [4]  The  results  obtained  from  our  simulations  are  in  excellent  agreement  with 
experimental  measurements  for  many  different  2D  array  configurations.  Using  our  simulation 
program  we  have  developed  new  array  geometries  optimized  for  maximum  voltage  modulation 
and  transfer  function  linearity.  [5] 

We  have  also  improved  our  fabrication  process  by  eliminating  an  initial  photolithography 
patterning  step  and  moving  to  an  all  electron  beam  lithography  process.  The  new  process 
reduces  the  turn- around  time  by  a  factor  of  2.  We  have  also  improved  our  reactive  ion  etch 
nanopatterning  of  implantation  masks  [6]  to  accommodate  higher  implant  energies.  In  addition 
we  performed  an  aging  and  stability  study  on  older  Josephson  junctions  fabricated  using  our 


technique.  We  found  that  these  junctions  are  very  robust  and  that  their  properties  namely  Ic  and 
Rn  have  changed  very  little  over  the  course  of  7  years. 

The  results  obtained  under  this  grant  will  greatly  help  this  technology  move  forward  in  to  the 
future.  This  grant  has  supported  1  postdoc,  2  graduate  students,  and  6  undergraduate  student 
researchers. 
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